A new method to correct the emulsion deformation, mainly produced in the development process, is developed to recover the high accuracy of nuclear emulsion as a tracking device. The method is based on a precise photomask and a careful treatment of the emulsion films. A position measurement accuracy of 0.6 µm is obtained over an area of 5 cm × 7 cm. The method allows to measure positions of track segments with submicron accuracy in an ECC brick with as few as 10 reference tracks for alignment. Such a performance can be important for hybrid emulsion experiments at underground laboratories where only a small number of reference tracks for alignment are available.
A new method to correct deformations in emulsion using a precise photomask Nuclear emulsions have been used as a particle detector for their excellent 2 submicron spatial resolution, e.g. in experiments studying short-lived parti-3 cles such as charm and bottom hadrons [1] [2] [3] [4] or double-Λ hypernuclei [5, 6] .
4
Some recent neutrino experiments also make use of the nuclear emulsions in 5 a hybrid apparatus [7] [8] [9] . In such experiments, both production and decay 6 vertices of short-lived particles are reconstructed from the measurements of 7 the parent and daughter particle tracks in nuclear emulsion films. However 8 the practical application of its excellent spatial resolution is limited to an area 9 of a few mm 2 in the vicinity of the interaction and decay vertices because of 10 deformation of emulsion films due to various reasons such as the thermal ex- 2 There are two methods for the MCS measurement in an ECC brick; the "angular" method [10, 11] and the "coordinate" method [12] . In this paper, the latter is considered because the application of the former method is limited to low momentum particles.
Concept to remove deformations in emulsion

35
The major part of the deformations in emulsion originates from the devel- 
49
The arrangement of the reference marks on the photomask is designed 
55
In order to validate this correction method, we have tried to determine 56 the momentum of beam muons using the MCS measurement, which requires 57 the precise position measurement over a large area in emulsion films. 
62
The ECC brick was contained in an acrylic resin box and enclosed in an larger than 10 µm near the edges are observed. This is an example of the 99 deformation that the method described in this paper is aiming to correct.
100
3 The photomask is a chrome coated glass lithographic template designed to optically transfer a pattern to an emulsion layer. The whole size of the glass substrate is 153 mm × 153 mm × 6.35 mm. A chromium oxide layer is deposited over the glass substrate, forming a light shielding film 0.4 µm thick. Light transmittance of this layer is about 1%. The pattern on the chromium layer was made by using a photomechanical and etching process.
Emulsion measurements and analysis method
Positions of track segments and grid marks are measured using a fully projection is expressed as
so-called "second difference", where the base track position at ith film (i ∈ 169 {1, . . . , 28}) is (x i , z i ). Observable root mean square (RMS) of the second 170 difference ∆ obs becomes the convolution of the signal of multiple Coulomb scattering ∆ sig and the measurement error ǫ, and ∆ sig has the relationship:
where p and β are the momentum and velocity of the particle, t is the thick- 
196
Since an angle of track is larger in y projection, the momentum is estimated 
